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Abstract
In this paper, an empirical study on the effect of temperature and irradiance on solar cell parameters is done. 
To achieve this, a simulation model that describes the relationship between irradiance, temperature and power 
output is developed using MATLAB R2013b. A pyranometer and thermometer devices were then used to obtain 
irradiance and temperature data from a mini PV plant for a 30 day period. Power output from the plant were also 
captured during this period using the EP-Solar Charge Controller. The obtained irradiance and temperature data 
were then fed into the developed SIMULINK models. Power outputs from the models were compared with the 
measured power from the plant using three statistical test tools of MAPE, MBE, and RMSE. 
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1 Introduction

Due to the negative impact of fossil fuel energy on the 
environment and its rising cost, the world is gradually 
moving towards sustainable renewable energy resources  
[1]. Sustainability and abundance of solar radiant 
energy are important factors that makes solar energy, 
a candidate of choice among the renewable energy 
sources [2]. Despite the intermittent nature of sunlight, 
solar energy is widely available and completely free of 
cost. Solar irradiance and temperature are the essential 
factors that affect the output characteristics of a solar 
cell. The open circuit voltage increases in logarithmic 
way with solar irradiation whereas the short circuit 
current increases linearly [3], [4]. The dominant effect 

with increasing cell's temperature is the linear decrease 
of open circuit voltage, the cell is then subjected to less 
efficiency. The short circuit current slightly increases 
with temperature [5], [6].
 Manufacturers of PV cells provide electrical  
parameters only at Standard Test Conditions (STC) 
which are irradiance = 1000 W/m2, 1.5 Air Mass (AM), 
and cell temperature of  Tcell = 25°C [7], [13]. However, 
it is a common knowledge that the operating conditions 
of the PV cells largely vary from the STCs described 
by the manufacturers. To solve this problem, analytical  
models are built to predict the performance of the PV 
system at any operating and weather condition. The 
model predicts the I–V characteristic of a PV system 
as a function of irradiance, angle of incidence of solar 
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radiation, the spectrum of sunlight, and temperature 
[8]. It is tempting to accept these models as truly  
representative of the relationship between these  
parameters, however, the scarcity of empirical studies  
on the performance of these analytical models underscores  
the need for caution. It also drives the need for this 
study. This work aims to carry out an empirical study 
on the effect of temperature and Irradiance on the 
power output of a mini PV plant.
 Several attempts have been made in the literature  
to study the effect of temperature and irradiance on 
solar cell parameters [9]–[13]. In [9], the impact of 
solar irradiance intensity and temperature on the 
performance of compensated crystalline silicon solar 
cells was carried out using only analytical models. 
Result from the study revealed that for the same rated 
output power, compensated crystalline silicon solar 
cells generate less electricity than the reference silicon 
solar cells at low irradiance intensity. The work done 
in [10] investigates the effect of temperature on the 
electrical parameters of a GaInP/GaAs tandem solar 
cell. To achieve this, the top GaInP and the bottom 
GaAs tandem cells were separately simulated using 
the one-dimensional solar simulator SCAPS-1D. The 
temperature dependency of the solar cell’s parameters 
was then investigated in the temperature range from 
25 to 80°C. The simulation results showed that voltage 
losses within the tandem cell are additive (Top cell and 
Bottom cell), while the short circuit current density 
depends smoothly on temperature, and the efficiency  
reduction is about (–0.038), (–0.035) and (–0.054 % /°C)  
for the bottom, top and tandem cells respectively.
 In [11], the effect of cell temperature on the 
photovoltaic parameters of mono-crystalline silicon 
solar cell was carried out. The experiment was carried 
out employing solar cell simulator with varying cell 
temperature in the range 25–60°C at constant light 
intensities 215–515 W/m2. The results showed that cell 
temperature has a significant effect on the photovoltaic 
parameters and controls the quality and performance 
of the solar cell. 
 In [12], the influence of working temperature  
on a polysilicon module was investigated in  
Brunei Darussalam for a period of two years. Results 
from the study show that the rise in temperature 
produces thermal agitation that enhances the losses 
of free carriers in a polycrystalline module. Result 
further show that the efficiency and the output 

power decreases with an increase in the working  
temperature.
 Reviewed literature has shown that most study 
was done using only simulated models and does not 
validate the accuracy of these models. This creates the 
need for an empirical study that can be used to validate 
the accuracy of these models. 
 The aim of this paper is to carry out an empirical 
study on the effect of temperature and irradiance on a 
mini PV plant.

2 System Description

According to Perpiñan model [8], the DC output power 
of one module is related to the following parameters 
as described below:

 (1)

Where, ηext losses are losses for modules mismatching,  
diodes and dirt (9%);
Ppeak = the rated power of one module (W) 
Geff = the effective global radiation (W/m2)
G* = the radiation in standard conditions (1000W/m2)
β = the temperature losses coefficient (0.005/°C)
Tc = the operation cell temperature
T 

×c = the standard operation cell temperature (25°C)
 The operation temperature Tc is calculated as 
follows:

 (2)

Where 
Tamb = the ambient temperature (°C)
NOCT = the nominal operation cell temperature  
  (47°C)
TNOCT,std = the ambient temperature at NOCT  
  conditions (20°C)
GNOCT = the radiation at NOCT conditions  
  (800 W/m2)
 In Figure 1, Equations (1) and (2) were developed 
into a MATLAB model using SIMULINK. This was 
done to ease computation and analysis of results. The 
expected inputs to the model are solar irradiance and 
temperature.
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3 Data Collection 

The location of study is the Department of Computer and 
Electrical Engineering, Olabisi Onabanjo University,  
Ogun State situated in the South-West zone of Nigeria. 
The measurement site is shown in Figure 2. The inputs 
to the described model in section 2 are irradiance and  
temperature. To obtain the two parameters, a thermometer  
and a pyranometer is used. Hourly readings were taken 
between the hours of 9 am to 4 pm for 30 days. The 
30 days period was selected because it represents a 
period of the year without rainfall (dry season). The 

REED SD-947 thermometer shown in Figure 3 was 
used to measure the ambient temperature around the 
panels. The 4-Channel meter has a measuring range of 
0–50°C with an accuracy of ± 0.8°C.  Figure 5 shows 
the graph of the average measured daily temperature 
over a 30 day period. 
 The Dr. Meter SM206 solar meter is a precision 
instrument for measurement of solar radiation. It has 
an operating range of 1–3999 w/m2 with an accuracy 
of ± 5%. This device, shown in Figure 4, was used to 

Figure 1: Simulink Analytical Model.

Figure 2: Array of Solar Panels where data was captured.
Figure 3: REED SD-947 Thermometer used for the 
temperature data capture.
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measure the irradiance on the solar panels while the 
power output of the PV plant was also monitored at 
an hour interval using the ET6415 BND solar charge 
controller shown in Figure 6. The two sets of data 
were recorded directly into a Microsoft excel program  
worksheet. The collected temperature and irradiance  
data were then fed into the mathematical model  
described in section 2. The power outputs from the 
model and the charge controller were compared using 

three statistical test tools and the conclusion was drawn 
based on the observations. 

3.1  Methods

To compare the two outputs, three statistical test tools were 
used. They include Mean Bias Error (MBE), Root Mean  
Square Error (RMSE) and Mean Absolute Percentage 
Error (MAPE). The Mean Bias Error (MBE) provides 
information on the long-term performance of the  
correlations by allowing a comparison of the actual 
deviation between simulated and measured values term 
by term. The ideal value of the MBE 

 (3)

Where,
yk = kth simulated value
xk = kth measured value
n = total number of days
 The Root-Mean-Square Error (RMSE) is another 
used measure of the differences between predicted  
values of a model or an estimator and the values observed  
from the thing being modelled or estimated. RMSE is 
a good measure of precision and provides information 
on the short-term performance of a model. The value 
of RMSE is always positive, representing zero in the 
ideal case. A low RMSE is however desirable.
 The RMSE may be computed from the following 
Equations (4) and (5):

 (4)

%Relative Error (%RE) = 1 –  * 100 (5)

 The Mean Absolute Percentage Error (MAPE) 
value provides the percentage deviation between the  
calculated and measured data while the relative error 
is the absolute error divided by the magnitude of the 
exact value. The ideal value of MAPE is zero.

4 Results and Discussions

To evaluate the accuracy of the analytical model  
described in section 2, two sets of results were obtained 

Figure 4: Dr Meter SM206 Solar Power Meter used 
for the Irradiance data capture. 

Figure 5: Average daily temperature for 30 days.

Figure 6: ET6415 BND charge controller.
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for a 30 day period. The first set was from the simulated  
analytical model while the second set was the direct 
measurement of the power output as recorded by the 
ET6415 BND Charge Controller which represents the 
actual power output of the mini PV plant. The results 
from the analytical model are compared with the 
measured result from the mini PV plant. For brevity, 
the recorded hourly power outputs were averaged and 
is presented daily in Figures 7–10. 
 Figure 7 shows the graph of the average daily 
power output for week 1. The graph reveals a good 
performance of the analytical model for day 4 and 5 
with a power output equivalent to the measured power.  
For other days, slight variations were observed. Similar 
trend was observed in Figure 8 (week 2) where days 
1, 2, 6 and 7 had similar values while little variations 
were observed for days 2 to 5. In Figure 9 (week 3), 
days 3, 6 and 7 also had similar values while other 
days recorded slight variations. In Figure 10 (week 4), 

days 3 and 7 had equivalent power output values while 
degrees of variations were observed for other days 
in the week. Generally, from Figures 7–10, it can be 
observed that the analytical model consistently under 
estimated the power output of the PV panels because its 
estimated values were lower than the measured power 
for the reporting period.  For Figures 7–10, the MBE, 
RMSE and MAPE values for the analytical model were  
evaluated using Equations (3), (4) and (5) and the 
results are shown in Table 1.

Table 1: Summary of Results 

MBE RMSE MAPE %RE

Week 1 0.22 0.32 0.25 6

Week 2 0.18 0.30 0.23 5.7

Week 3 0.17 0.29 0.22 5

Week 4 0.17 0.29 0.22 5

Figure 7: Average daily power output for week 1. 

Figure 8: Average daily power output for week 2.

Figure 9: Average daily power output for week 3. 

Figure 10: Average daily power output for week 1.

Day of the Week (Day)

Analytical Model
Measured Power

Po
w

er
 G

en
er

at
ed

 (k
w

)

8

3

3

7

7

2

2

6

6

1

1

5

5
0

4

4

Day of the Week (Day)

8

3

7

2

6

1

5

0

4

Analytical Model
Measured Power

Po
w

er
 G

en
er

at
ed

 (k
w

)

3 72 61 54

Day of the Week (Day)

Analytical Model
Measured Power

Po
w

er
 G

en
er

at
ed

 (k
w

)

8

3

7

2

6

1

5

0

4

3 72 61 54
Day of the Week (Day)

Analytical Model
Measured Power

Po
w

er
 G

en
er

at
ed

 (k
w

)

8

3

7

2

6

1

5

0

4

3 72 61 54



164

M. Osifeko et al., “An Empirical Study on the Effect of Temperature and Irradiance on the Power Output of a Mini PV Plant in Ogun 
State, Nigeria.”

 From the result shown in Table 1, the MBE 
values of the simulated model for the four weeks 
are seen to be lower than 0.3 which signifies a good  
performance. In terms of the RMSE, the values recorded  
for the four weeks are 0.32, 0.30, 0.29 and 0.29  
respectively. The MAPE values are 0.25, 0.23, 0.22 
and 0.22. The implication of this set of results is the 
good performance of the simulated model. This further  
reveal that the model describes the relationship between  
the three parameters (solar irradiance, temperature, 
and power output) relatively well. Another implication  
of this result is that the model can be modified to  
produce a more accurate result that would be reflected 
in a lower MAPE, MBE, and RMSE values. 

5 Conclusions

This paper carries out an empirical study on the effect 
of temperature and irradiance on the power output 
of a PV plant situated in Nigeria. To achieve this, 
hourly temperature and irradiance data were collected 
and inputted into a simulated analytical model. The 
model describes the relationship between temperature,  
irradiance and the power output of a PV cell. The 
input to the model are temperature and irradiance. 
Power output from the PV plant was also recorded 
within the period. Power output from the model was 
then compared with the directly measured power from 
the plant using three statistical tools of MBE, RMSE, 
and MAPE. Results obtained revealed that the model 
describes the relationship between the three parameters 
(solar irradiance, temperature, and power output) 
relatively well. Results from this work has shown 
that the analytical model can be reliably used in PV 
plant power output forecasting when the temperature 
and irradiance data have been known or acquired via 
weather prediction techniques.
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